Abstract-We developed a high performance liquid chromatography method using fluorometric detec tion to simultaneously determine the allergens in fragrances, primarily structurally related allylbenzenes in essential oils. The effect of essential oil carriers-cloves, basil, and cinnamon-on the release and per cutaneous absorption of the oils was studied in vitro using a cultured epidermal autograft membrane model.
1 Research on essential oils is popular; however, almost all studies focus on their extraction, chemical composition, and wide application in the food and cosmetics industries and traditional medicine. Fra grances are widely encountered in our daily environ ment and are known to be a common cause of allergic contact dermatitis. Quantitative analysis of fragrance substances that are well known allergens in cosmetics and essential oil products, such as cinnamic alcohol, isoeugenol, and eugenol in ylang ylang oil and jasmi num, have been extensively studied over the past 10 years [1] [2] [3] [4] [5] [6] [7] [8] . The major analytical methods for ana lyzing fragrances are gas chromatography, gas chroma tography mass spectrometry [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] , minor liquid chromatography [3, [23] [24] [25] , micellar electrokinetic capillary chromatography [26, 27] , and vibrational spectroscopy [28] . The in vitro evaluation of fragrance materials, such as camphor, carvone, 1,8 cineole, linalool, menthol, thujone, menthone, and t aneth ole, through the human epidermis has already been studied [29, 30] .
Few reports [31] [32] [33] focus on the influence of aro matic essential oils on skin permeation, because the fragrances of these oils are complicated and difficult to characterize. There are few reports in the literature on using liquid chromatography with fluorometric detec tion to determine fragrance levels in essential oils and evaluate in vitro percutaneous absorption of essential oil formulations through cultured skin. We used the sensitivity and specificity of fluorometric detection to determine fragrance levels, and a cultured epidermal autograft membrane model for an in vitro study of the percutaneous absorption of the essential oils; it is more specific because it eliminates interference from natu ral essential oils.
EXPERIMENTAL
Apparatus and materials. High performance liquid chromatography (HPLC) was done using both a Hita chi model L 7100 pump and model 7125 injector equipped with a 20 μL sample loop and with a fluoro metric detector (RF 10A XL ; Shimadzu). Chromato grams were acquired and peak areas calculated (D 7000 HPLC System Manager Software; Hitachi). Fragrances with allergens were purchased: cinnamyl alcohol and eugenol methyl ether (Chem Service, Inc., West Chester, PA, USA); eugenol, isoeugenol, and anethole 99% (Acros Organics, Geel, Belgium); α asarone, myristicin, and safrole (Fluka Chemie AG, Buchs, Switzerland and RDH Laborchemikalien GmbH & Co KG, Seelze, Germany); and 4 allylani sole (Aldrich Chemical Company, Inc., Milwaukee, WI, USA). The structurally related allergens are shown in Scheme 1. Phosphate buffered saline was ob tained from Hyclone (Thermo Fisher Scientific Inc., Waltham, MA, USA). All other chemicals were of an alytical reagent grade. Samples of 11 essential oils were purchased at local department stores, convenience stores, or retail drug and cosmetics shops. They all were labeled as "100% natural" products. 1 mM of phosphoric acid adjusted at pH 3. 45, 4.13, 5.13, 6.03, 7.03, and 7.78 . The eluent flow rate was 1.0 mL/min, and the fluorometric detector was operat ed at an Ex (excitation wavelength) of 230 nm and an Em (emission wavelength) of 317 nm. After various analyses of the retention behavior of the fragrances, baseline separation was achieved. Acetonitrile⎯metha nol⎯water (30 : 30 : 40 (v/v/v) [pH 6 .02]) was the best eluent for a good resolution and for the fewest peak in terferences in the matrix. Sample and standard solutions (20 μL) were injected using an injection valve.
In vitro skin permeation. The permeation of fragranc es in vitro was investigated using a horizontal diffusion cell or a side by side cell constructed in our laboratory (Scheme 2). The diffusion cells consisted of two water jacketed cylindrical half cells, each with a permeation area of about 9.6 cm 2 . A freshly cultured epidermal au tograft membrane cell line (CAL 2309) was obtained from the Animal Technology Institute of Taiwan (Hsin chu, Taiwan). Microphotographs of the membranes used for the study were examined for integrity, and then immediately mounted in the diffusion cells. One of the receptor compartments (11 mL) was filled with phos phate buffered saline (PBS) as the cell culture medium; the other contained 0.08% w/v of essential oil micro cream. The less surfactant a cosmetic contains, the less irritation its topical use can be expected to cause. We in vestigated four different preparations (A, B, C, and D): preparation A contained no Tween 80 (a non ionic sur factant and emulsifier), but preparations B, C, and D contained different amounts of Tween 80. To test the ef fect of essential oil, preparations B, C, and D were mixed with different amounts of clove essential oil. Emulsifier (surfactant) solubilizes essential oil in water and produces a clear o/w emulsion. Preparation A con tained 0.0184% clove essential oil without emulsifier (Tween 80), B contained 0.0184% clove essential oil and
